Background: There is growing evidence for a clinical benefit of primary percutaneous coronary intervention (PCI) compared with fibrinolysis; however, whether the treatment effect is consistent among patients with diabetes mellitus is unclear. We compared PCI with fibrinolysis for treatment of ST-segment elevation myocardial infarction in patients with diabetes mellitus.
in patients with diabetes. Mortality was lower after primary PCI compared with fibrinolysis in both patients with diabetes (unadjusted odds ratio, 0.49; 95% confidence interval, 0.31-0.79; P=.004) and without diabetes (unadjusted odds ratio, 0.69; 95% confidence interval, 0.54-0.86, P=.001), with no evidence of heterogeneity of treatment effect (P=.24 for interaction). Recurrent infarction and stroke were also reduced after primary PCI in both patient groups. After multivariable analysis, primary PCI was associated with decreased 30-day mortality in patients with and without diabetes, with a point estimate of greater benefit in diabetic patients.
Conclusions: Diabetic patients with ST-segment elevation myocardial infarction treated with reperfusion therapy have increased mortality compared with patients without diabetes. The beneficial effects of primary PCI compared with fibrinolysis in diabetic patients are consistent with effects in nondiabetic patients. Med. 2007; 167(13) :1353-1359 P ROGNOSIS IN PATIENTS WITH ST-segment elevation myocardial infarction (STEMI) has improved markedly since the introduction of reperfusion therapy, either primary percutaneous coronary intervention (PCI) or fibrinolysis. 1, 2 Prognosis in patients with diabetes mellitus and coronary artery disease is worse, and these patients may have different responses to various treatment regimens. [3] [4] [5] Although there is growing evidence for a clinical benefit of primary PCI compared with fibrinolysis insofar as short-term and long-term outcomes in general are concerned, 1, 6 data comparing primary PCI with fibrinolysis in diabetic patients are contra-dictory and describe only a limited number of patients. [7] [8] [9] [10] Although primary PCI has been suggested as the treatment of choice in patients at high risk, 6, 11 it remains unclear whether diabetic patients benefit equally. Diabetic patients have increased platelet agreeability and adhesiveness that may influence response to thrombolytic therapy, 12 and angiographic and electrocardiographic success of fibrinolysis in diabetic patients has been debated. [13] [14] [15] However, PCI may result in a less favorable outcome in diabetic patients. Diabetic patients generally have more diffuse and extensive coronary artery disease with smaller reference diameters. 16 Restenosis rates after angioplasty with or without stenting are significantly higher in diabetic patients. 17, 18 Furthermore, diabetic patients are more prone to experience life-threatening adverse events such as subacute stent CME course available at www.archinternmed.com thrombosis. 19 We compared primary PCI with fibrinolysis in diabetic patients with STEMI based on individual patient data derived from randomized trials.
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METHODS
TRIAL SELECTION
Details of trial selection criteria and primary data analysis have been published previously. 20 If a trial enrolled at least 50 patients with evolving STEMI and randomized patients to either treatment with fibrinolysis (streptokinase or tissue plasminogen activator) or primary PCI (without fibrinolytic therapy; with or without stenting), it was considered for inclusion in our study. To identify eligible trials, a MEDLINE search was performed using a broad range of key terms including "(acute) myocardial infarction," "fibrinolysis," "fibrinolytic," "thrombolysis," "thrombolytic," "primary," "angioplasty," "stent," and "percutaneous coronary intervention." We considered all articles published between January 1990 and December 2002. References from identified articles and abstracts presented at annual international meetings of the American Heart Association (Circulation), American College of Cardiology (Journal of the American College of Cardiology), and European Society of Cardiology (European Heart Journal) were also examined. Each trial identified in this search was then critically evaluated by 3 investigators (E.B., C.M.W., and R.J.S.) for inclusion in the pooled analysis.
A flowsheet of the trial selection process is shown in Figure 1 . Nineteen trials were included in the pooled analysis. Design characteristics of included trials are given in Table 1 . Each trial was reviewed to determine whether treatment allocation was truly randomized, that there were no exclusions from the analysis, and for the extent to which outcome adjudication was blinded. Any discrepancies between analyses of these data provided and pre-viously published results were queried and resolved. Clinical end points were total deaths, recurrent infarction, death or recurrent infarction, and stroke, measured 30 days after randomization. We compared clinical outcomes between patients with and without diabetes and the interaction of the method of reperfusion therapy and diabetes on outcome.
STATISTICAL ANALYSIS
Continuous data were summarized and are given as median values with corresponding interquartile range or as mean values with corresponding SD, whereas dichotomous data are given as counts and percentages. Wilcoxon rank sum, Kruskal-Wallis, or 2 tests were used as appropriate. To pool trial-or diabetes-specific outcome data, the Cochran-Mantel-Haenszel method was used, and odds ratios (ORs) and 95% confidence intervals (CIs) for 30-day mortality are given. In addition, the Breslow-Day test was used to assess heterogeneity of treatment effect according to diabetes status or among the trialspecific ORs. Odds ratios were further adjusted for other baseline characteristics, including age, sex, time to randomization, treatment delay, systolic blood pressure, anterior myocardial infarction (MI), previous MI, heart rate, and randomized treatment, using multiple logistic regression. Statistical significance for all analyses was defined as PϽ.05. The number of patients needed to treat was calculated as the inverse of the absolute risk difference in outcome. The 95% CI of the patients needed to treat was estimated using the 95% CI associated with the absolute risk difference.
RESULTS
Individual patient data were collected for 6763 patients with STEMI enrolled in 22 randomized clinical trials as part of the PCAT-2 (Primary Coronary Angioplasty vs Thrombolysis-2) trial. Of the 6763 patients, complete data on diabetes status were available for 6315 patients (93.4%) on which the following analyses are based. Of these patients, 877 (14%) had diabetes. Patients with diabetes were older, were more often female, more often had previous MI, and had longer ischemic time. Baseline characteristics of patients with and without diabetes are given in Table 2 . After 30 days, 401 patients (6.3%) had died. Mortality after 30 days was significantly higher in patients with diabetes compared with patients without diabetes (9.4% vs 5.9%; PϽ.001; unadjusted OR, 1.64; 95% CI, 1.26-2.13; P Ͻ .001). This finding was consistent across the trials (Breslow-Day test, P=.39). Recurrent MI after 30 days was comparable between patients with and without diabetes (4.4% vs 4.5%; P=.87). Death or recurrent MI was significantly higher in patients with diabetes (13.2% vs 9.7%; P = .001). Stroke data were available for 6085 patients (96.3%). The occurrence of stroke after admission was comparable between patients with and without diabetes (2.6% vs 2.0%; P=.29). After baseline adjustment, diabetes was associated with a trend for an increase in 30-day mortality (OR, 1.29; 95% CI, 0.99-1.68; P=.06) and death or recurrent MI (OR, 1.25; 95% CI, 1.00-2.01; P=.054) but not with an increase in recurrent MI only (OR, 0.98; 95% CI, 0.69-1.40; P=.92).
ASSOCIATIONS AMONG DIABETIC STATUS, TREATMENT, AND 30-DAY MORTALITY
Of patients without diabetes, 2700 (50%) were randomized to receive primary PCI, compared with 456 (52%) patients with diabetes. Baseline characteristics of pa-tients with diabetes according to the method of reperfusion therapy are summarized in Table 3 . There were no significant differences between diabetic patients randomized to receive primary PCI or fibrinolysis. Unadjusted mortality, recurrent MI, and stroke in patients with and without diabetes according to the method of reperfusion therapy are given in Table 4 . Primary PCI was associated with a reduction in 30-day mortality in patients with and without diabetes. This reduction was most pronounced in diabetic patients. To save 1 life at 30 days, 48 patients without diabetes (95% CI, 37-60) had to be treated with primary PCI compared with 17 patients with diabetes (95% CI, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . No interaction between type of fibrinolytic agent, mortality, and presence of diabetes was found. After adjusting for potential confounders, including age, sex, time to randomization, treatment delay, systolic blood pressure, anterior MI, previous MI, heart rate, and randomized treatment, primary PCI was independently associated with improved 30-day survival (OR, 0.64; 95% CI, 0.52-0.79; PϽ .001), which was evident in patients both with diabetes (OR, 0.50; 95% CI, 0.31-0.80; P=.003) and those without diabetes (OR, 0.68; 95% CI, 0.54-0.86; P=.001; interaction P=.24; Figure 2 ). This treatment effect was consistent across the pooled trials (Breslow-Day test, P=.52).
COMMENT
This analysis showed no difference in relative mortality reduction after primary PCI in patients with and without diabetes. Because diabetes was associated with in- creased 30-day mortality, the absolute benefit of primary PCI can be expected to be greater in patients with diabetes.
The negative influence of diabetes on outcome after STEMI has been described previously. 10 In addition to differences in baseline patient characteristics, including age, sex, previous MI, longer ischemic time, or a higher prevalence of multivessel disease, prothrombotic derangement and unfavorable lipid metabolism might predispose diabetic patients to future coronary events. 12, 46, 47 Because mortality remains particularly high in patients with diabetes after STEMI, it is important to define optimal treatment strategies, including method of reperfusion therapy, in this population.
In a general patient population, primary PCI improves outcome when compared with fibrinolysis. 1, 6 However, effects of reperfusion therapy may be different in patients with diabetes. Percutaneous coronary intervention in patients with diabetes may be more complex, with higher complication rates. [17] [18] [19] 48 Fibrinolysis may also be less effective in diabetic patients. [13] [14] [15] Previous trials comparing primary PCI with fibrinolysis for STEMI in diabetic patients are few and conflicting. Hsu et al 8 found a significant benefit of primary PCI in major cardiac events in 202 diabetic patients in a registry study. A subanalysis of the CAPTIM (Comparison of Angioplasty and Prehospital Thrombolysis in Acute Myocardial Infarction) study also revealed a possible beneficial effect of primary PCI in 103 diabetic patients. 9 An analysis of the GUSTO-IIb Angioplasty Substudy (Second Global Use of Strategies to Open Occluded Coronary Arteries in Acute Coronary Syndromes), which included only 177 diabetic patients, showed a consistent treatment effect (with wide confidence intervals) of primary PCI in patients with and without diabetes. 10 In our analysis including a large number of patients, it was more clearly demonstrated that primary PCI is associated with improved survival after 30 days in both patients with and without diabetes.
The point estimate of the benefit of primary PCI compared with fibrinolysis was greater in diabetic patients, and because the absolute risk is higher in this population, the absolute benefit was greater. This observation may be the result of delay in initiation of therapy and longer ischemic time in diabetic patients, which may be related in part to atypical symptoms. 49, 50 In particular, thrombolytic therapy seems to be negatively influenced by longer time to initiation of therapy. 51 Also, microvascular flow seems to be decreased in dia- betic patients after fibrinolysis. 14 Possibly, this is associated with increased platelet aggregation and reduced ability to induce endothelium-mediated vasodilation. 12 In addition to the superiority of primary PCI compared with fibrinolysis in restoring optimal epicardial flow, percutaneous intervention is associated with improved microvascular flow. 52 It is not known whether the clinical benefit of primary PCI compared with fibrinolysis is sustained with time because no long-term follow-up data are yet available. No data on the type of treatment of diabetes (insulin or no insulin) were present. Furthermore, the effect of long-term glycometabolic control in diabetic patients according to method of reperfusion therapy could not be assessed because glycosylated hemoglobin levels were unavailable. Most patients in the fibrinolysis group in the current analysis were not treated with prehospital fibrinolysis. Selection is a potential limitation of randomized controlled trials. Indeed, the prevalence of diabetes in the present patients is somewhat lower when compared with registries. 53, 54 Also, the relatively young age of our patient group may suggest some bias resulting from the inclusion process. However, the demonstration of a clear benefit of primary PCI compared with fibrinolysis in these patients only strengthens our conclusions.
CONCLUSIONS
Diabetic patients with STEMI treated with reperfusion therapy have higher mortality compared with nondiabetic patients. The beneficial effect of primary PCI compared with fibrinolysis is consistent in patients with and without diabetes. Wider application of timely primary PCI could be an important strategy to improve outcomes in the high-risk population of diabetic patients. Figure 2 . Adjusted odds ratios and 95% confidence intervals for the risk of 30-day mortality according to the method of reperfusion therapy in patients with and without diabetes. DM indicates diabetes mellitus; PCI, percutaneous coronary intervention.
